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SUMMARY: We present results from long-term optical photometric and spec-
troscopic observations of 5 pre-main sequence stars, located in the vicinity of the
bight nebula NGC 7129. We obtained UBV RI photometric observations in the field
centered on the star V391 Cep, north-west of the bright nebula NGC 7129. Our mul-
ticolor CCD observations spanned the period from February 1998 to November 2016.
At the time of our photometric monitoring, a total of thirteen medium-resolution
optical spectra of the stars were obtained. The results from our photometric study
show that all stars exhibit strong variability in all optical passbands. Long-term
light curves of the five stars indicate the typical of classical T Tauri stars variations
in brightness with large amplitudes. We did not find any reliable periodicity in the
brightness variations of all five stars. The results from spectral observations showed
that all studied stars can be classified as a classical T Tauri stars with reach emission
line spectra and strong variability in the profiles and intensity of emission lines.
Key words. stars: pre-main sequence – stars: variables: T Tauri, Herbig Ae/Be,
UX Orionis – stars: individual: (V391 Cep, 2MASS J21401174+6630198, 2MASS
J21402277+6636312, 2MASS J21403852+6635017, 2MASS J21403576+6635000)
1. INTRODUCTION
The study of the pre-main sequence (PMS)
stars is important to learn more about the early stage
of stellar evolution. The most important characteris-
tic of PMS stars is the photometric and spectroscopic
variability, discovered at the beginning of their study.
In the fields of star formation the PMS stars
form in groups called stellar associations or stel-
lar aggregates. While the high-mass star formation
takes place generally in the big molecular clouds, the
low-mass stars can be formed even in the smallest
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regions. Many PMS stars are found to be members
of photometric and spectroscopic double or multi-
ple systems (see Herbig 1962, Mathieu et al. 1989,
Reipurth & Zinnecker 1993, Reipurth et al. 2002).
The PMS stars are rare among field stars, because
the stars spend less then 1% of his life during the
PMS evolutionary stage. PMS stars are separated
into two types − low mass (M ≤ 2M⊙) T Tauri stars
(TTS) and the more massive (2M⊙ ≤ M ≤ 8M⊙)
Herbig Ae/Be stars (HAEBES).
The study of TTS began in the mid-20th cen-
tury with the pioneering work of Joy (1945). TTS
exhibit irregular photometric variability and emis-
sion spectra. They are separated into two sub-
classes: classical T Tauri stars (CTTS), surrounded
by spacious accreting circumstellar disks, and weak-
line or naked T Tauri stars (WTTS) without evi-
dence of disks accretion (Me´nard & Bertout 1999).
CTTSs are distinguished from WTTSs by their
strong Hα emission line and by significant infrared
and ultraviolet excesses. Usually, the upper limit of
EW(Hα)≤5A˚ is used for defining the WTTS, but op-
tically veiled and nonoptically veiled PMS stars can
be distinguished based on EW(Hα) only taking into
account their spectral type (see White & Basri 2003).
Both subclasses of TTS show strong brightness vari-
ations over comparatively short time intervals (days
or weeks).
According to Herbst et al. (1994, 2007) the
reasons for the observed brightness variations of the
PMS stars are diverse. The variability of CTTS
is caused by a superposition of cool and hot spots
on the stellar surface. The observed non-periodic
brightness variations are produced by highly variable
accretion from the circumstellar disk onto the stellar
surface. Large amplitudes reaching up to 2-3 mag in
V -band are observed in CTTS.
The variability of WTTS, is due to the ro-
tation of the stellar surface covered by cool spots or
groups of spots. Some TTS shows clear expressed pe-
riodicity (see Herbst et al. 2007; Scholz et al. 2011).
The periods of variability in WTTS are registered
on time scales of days and with amplitudes reach-
ing 0.8 mag. in V -band. The brightness variability
in WTTS can be due also to flare-like variations in
B- and U -band. Flares are random with varying
duration and amplitudes of brightness and without
periodicity (Herbst et al. 2007).
Drops in brightness, lasting from few days to
several weeks or months, are observed in the early
type of CTTS and HAEBES. Usually the decreases
in brightness are non-periodic with amplitudes reach-
ing 2.8 mag. in V -band. Presumably they are result
of circumstellar dust or clouds obscuration (Grinin
et al. 1991; Herbst et al. 2007). The prototype
of this group of PMS stars with intermediate mass,
named UXors, is UX Orionis. In very deep minima
the color indexes of UXors commonly becomes bluer
(color reverse), or so called ”blueing effect” (see Bibo
& The´ 1990).
Some of CTTS undergo eclipses with irregu-
lar depths and periodicity for several days, probably
caused by warped inner disk viewed near to edge-on
(Bouvier et al. 1999, 2007). The prototype of this
group of PMS stars is AA Tau, and the number of
these objects has steadily increased during the recent
years. (Barsunova et al. 2016, Sousa et al. 2016, Ro-
driguez et al. 2017, Schneider et al. 2018). As the
warp in the accretion disc is presumably caused by
the magnetic field of the star, the recurrence period
of these eclipses, equal to a few days, is actually trac-
ing the period of the Kepler rotation of the gas disk
at a distance of the corotation radius from the star.
Our photometric and spectral study of PMS
stars has been done in the dark clouds at vicinity of
the reflection nebula NGC 7129. The region is im-
mersed in a very active and complex molecular cloud
(Hartigan & Lada 1985; Miranda et al. 1993). NGC
7129 is apparently a part of a larger structure, called
the Cepheus Bubble (Kun et al. 1987) and its repre-
sents a region with active star formation (Magakian
& Movsessian 1997; Kun et al. 2008, 2009). A large
number of TTS, HAEBES, Herbig-Haro objects, col-
limated jets and cometary nebula are observed in this
region. The distance to NGC 7129, is determined
as 1.26 kpc by Shevchenko & Yakubov (1989), as
1.15 kpc by Straizyˇs et al. (2014) and as 800 pc
by A´braha´m et al. (2000). The age of the NGC
7129 star forming region determined by Straizy´s et
al. (2014) is 3 Myr.
The stars V391 Cep and V1 were discovered as
strong Hα emission sources in the study of Semkov
& Tsvetkov (1986). The variability of the star V2
was registered by Semkov (2003b) and the variabil-
ity of V3 by Semkov (2000). According to Semkov
(2003b) the stars V1, V2 and V3 are irregular vari-
ables, which belong to the class of PMS stars. The
variability in the star V4 is discovered during the
present study.
The present paper is a part of our photomet-
ric and spectroscopic study of the PMS stars in the
vicinity of NGC 7129. The results from our previ-
ous studies have been published in Semkov (1993a,
1993b, 1993c, 1996, 2000, 2002, 2003a, 2003b, 2004a,
2004b), Semkov et al. (1999), Ibryamov et al.
(2014), Ibryamov et al. (2017).
2. OBSERVATIONS AND
DATA REDUCTION
2.1 Photometric observations
The photometric UBV RI data presented in
this paper were collected in the period from February
1998 to November 2016. The CCD observations were
obtained with four telescopes, in two observatories−
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the 2-m Ritchey-Chre´tien-Coude´ (RCC), the 50/70-
cm Schmidt and the 60-cm Cassegrain telescopes of
the Rozhen National Astronomical Observatory in
Bulgaria and the 1.3-m Ritchey-Chre´tien (RC) tele-
scope of the Skinakas Observatory1 of the University
of Crete in Greece. The total number of the nights
used for observations is 295. The observations were
performed with eight different types of CCD cam-
eras. Their technical parameters and specifications
are given in Ibryamov et al. (2015).
All frames were taken through a standard
Johnson−Cousins UBV RI set of filters. The frames
obtained with the CCD cameras at the 2-m RCC and
the 1.3-m RC telescopes are bias frame subtracted
and flat field corrected. All frames obtained with the
CCD cameras at the 50/70-cm Schmidt and the 60-
cm Cassegrain telescopes are dark frame subtracted
and flat field corrected.
The photometric data were reduced using idl
based DAOPHOT subroutine. As a reference, the
UBV RI comparison sequence reported in Semkov
(2003a) was used. All data were analyzed using the
same aperture, which was chosen as 6 arc seconds ra-
dius, while the background annulus was taken from
10 to 15 arc seconds.
Fig. 1. A three-color image of the field in the vicin-
ity of NGC 7129.
2.2 Spectroscopic observations
At the time of our photometric monitoring, a
total of thirteen medium-resolution optical spectra
of the PMS stars in the region were obtained. The
spectral observations are performed in Skinakas Ob-
servatory with the focal reducer of the 1.3-m RC tele-
scope and ISA 608 spectral CCD camera (2000×800
pixels, 15×15 µm). Two grating 1300 lines/mm and
600 lines/mm and a 160 µm slit were used. The com-
bination of gratings and slit yield a resolving power
λ/∆λ ∼ 1500 at Hα line for the 1300 lines/mm grat-
ing and λ/∆λ ∼ 1300 for the 600 lines/mm grating.
The exposures of the objects were followed imme-
diately by an exposure of a FeHeNeAr comparison
lamp and exposure of a spectrophotometric standard
star. All data reduction was performed within iraf.
3. RESULTS AND DISCUSSION
Fig. 1 shows a three-color image of the field
located north-east from the bright nebula NGC 7129,
with the marked positions of the stars from our
study. The three-color image was obtained on July
23, 2007 with the 1.3-m RC telescope of Skinakas
Observatory. On the figure small cometary nebulae
around V391, V2 and V3 are clearly seen.
Using JHKs 2MASS magnitudes of the stars
from our study we plot the two-color diagram to
identify stars with infrared excess, indicating the
presence of a disk. Fig. 2 shows the location of
main sequence (brown line) and giant stars (orange
line) from Bessell & Brett (1988), the CTTSs loca-
tion from Meyer et al. (1997). A correction to the
2MASS photometric system was performed following
the prescription of Carpenter (2001). The three par-
allel dotted lines show the direction of the interstellar
reddening vectors determined for the NGC 7129 re-
gion by Straizyˇs et al. (2014).
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1Skinakas Observatory is a collaborative project of the University of Crete, the Foundation for Research and Technology,
Greece, and the Max-Planck-Institut fu¨r Extraterrestrische Physik, Germany.
3
E. SEMKOV, S. IBRYAMOV AND S. PENEVA
Fig. 2. The J −H versus H −Ks diagram for the
stars from our study. The brown line denote location
of main sequence, the orange line - location of giant
stars, the green line - CTTS location. The dotted
lines denote the direction of the interstellar redden-
ing vectors. Blue triangles designate the PMS stars
from our study.
The positions of the stars V2, V3 and V4 indi-
cate for a strong infrared excess, the star V391 Cep is
located on the line of CTTS locus, and V1 shows col-
ors typical of more evolved young star with limited
circumstellar material. However, it will be shown in
the following sections, that its SED, the nature of
the photometric variability, and age fully correspond
to the similar parameters of the remaining studied
objects. Because the stars exhibit photometric vari-
ability in all passbands, their positions in Fig. 2 can
vary during the different time periods.
The optical and near-infrared parts of the
SEDs of the stars from our study were constructed
using all our UBV RI photometric data, corrected
for the interstellar extinction (Fig. 3). We use the
extinction law given in Cardelli et al. (1989) and
on the basis of visual extinction AV for the stars by
Kun et al. (2009). The fluxes corresponding to zero
magnitude were obtained from Bessell (1979) for the
UBV RI bands, and from the 2MASS All Sky Data
release Web-document2 for the JHKs bands. Photo-
spheric SEDs have been dawn by green lines. Their
values were determined from dereddened I magni-
tudes and from the color indices corresponding to
the spectral types. For comparison, red lines show
the median SED of the T Tauri stars of the Taurus
star-forming region (D’Alessio et al. 1999).
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Fig. 3. SEDs corrected for interstellar extinction of the stars from our study, based on our UBV RI
photometry (triangles) and 2MASS (diamonds).
3.1 V391 Cephei
V391 Cep is located at about 33 arc minutes
from the center of NGC 7129 and at about 28 arc
minutes from another T Tau star - V350 Cep (see
Ibryamov et al. 2014). V391 Cep was discovered as
a strong Hα emission source by Semkov & Tsvetkov
(1986) and included in the list of Hα emission stars
published by Kun (1998). Spectral observations of
V391 Cep (Semkov 1993c; Kun et al. 2009) sug-
gest that its spectrum is similar to CTTS spectrum,
with strong Hα line and presence of emission lines of
oxygen, iron, magnesium and others metals. Kun et
al. (2009) defined the spectral class of V391 Cep as
K5 and determined its mass as 1.15 M⊙, its effective
temperature as 4350 K and its age as 0.2 Myr.
The CCD observations performed by Semkov
(1993c) shows the presence of a small cometary neb-
2http://www.ipac.caltech.edu/2mass/releases/allsky/doc/sec6 4a.html
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ula around the star, which is not visible on the Palo-
mar Observatory Sky Survey prints and on the pho-
tographic plates collected in the field of NGC 7129
(Semkov 1993b). From 1986 to 2002 the variabil-
ity of brightness in B-band changes significantly, the
amplitude decreases gradually from 2.1 mag to 0.3
mag. According to Semkov (2003a) V391 Cep is a
CTTS and the change in photometric activity can be
caused by an irregular accretion rate.
The subsequent observations performed by
Semkov (2000) showed that V391 Cep is a visual
double system with a deep infrared component. The
distance between the two components is 3 arc sec-
onds. Semkov (2000) determined color index R − I
for the second component and concluded that the
object is likely a cool star in the first stages of star
formation, forming double system of PMS stars with
V391 Cep.
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Fig. 4. CCD UBV RI light curves of V391 Cep for the period August 1993−November 2016.
The results of our long-term multicolor CCD
observations of V391 Cep will be accessible through
the CDS database. The average value of the errors in
the measured magnitudes are 0.01-0.02 mag for the
I- and R-band data, 0.01-0.03 for the V -band data,
0.02-0.04 for the B-band data, and 0.06-0.10 for the
U -band data.
The UBV RI light curves of the star from
all our CCD observations (Semkov 2003a and the
present paper) are shown in Fig. 4. In the figure,
circles denote CCD photometric data published in
the present paper and triangles − CCD photometric
data from Semkov (2003a).
The brightness of V391 Cep during the pe-
riod of all our CCD observations 1993−2016 varies
in the range 12.39−12.76 mag for the I-band,
13.25−13.63 mag for the R-band, 14.09−14.51 mag
for the V -band, 15.15−15.82 mag for the B-band and
15.03−15.82 mag for the U -band. Such photometric
characteristics (variability with small amplitude in a
time scale of days) are typical for both WTTS and
CTTS.
The long-term UBV light curves of V391
Cep from all available published observations
(1980−2016) are presented in Fig. 5. The circles de-
note CCD observations published in present study;
triangles denote CCD photometric data from Semkov
(2003a) and diamonds denote the photographic data
from Semkov (1993b).
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Fig. 5. UBV light curves of V391 Cep from all available published observations.
The available data suggest that in the period
1986−1992 the star exhibit strong irregular variabil-
ity. Increases and fading events in the star’s bright-
ness are seen during the same period. The reasons
for observed strong photometric variability may be
of a different nature. Variable accretion activity, ex-
istence of cool and hot spots of the stellar surface,
obscuration of the star by circumstellar material are
possible reasons. The observed amplitudes in the
period 1987−1992 are ∆V = 1.3 mag, ∆B = 2.0
mag and ∆U = 2.3 mag. After 1992 the brightness
of V391 Cep varies with comparatively small ampli-
tudes around some average level. Evidences of peri-
odicity in the brightness variability of V391 Cep are
not detected. We believe this change in the ampli-
tude of the variability is real, since the errors from
photographic observations do not exceed ±0.2 mag.
The measured color indexes V −R and B−V
versus stellar V magnitude, and U −B index versus
B magnitude for the period of all our CCD observa-
tions are plotted in Fig. 6. In the figure the V/V −R
diagram indicates that V391 Cep becomes redder as
it fades, but on the V/B − V diagram a change in
the color was not observed. Such color variations are
typical for TTS with presence of cool spots or groups
of spots on the stellar surface. It can be seen from
Table 5, that V391 Cep shows a strong ultraviolet
excess − a characteristic of CTTS.
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B-V
14.1
14.2
14.3
14.4
14.5
V
-0.4 -0.2 0.0 0.2 0.4
U-B
15.2
15.3
15.4
15.5
15.6
15.7
B
Fig. 6. The V −R and B − V color indexes versus V magnitude, and U −B index versus B magnitude
for V391 Cep in the period of all our CCD observations.
6
Photometric and spectroscopic study of 5 pre-main sequence stars in the vicinity of NGC 7129
Table 1. Main spectral lines identified in the optical spectra of V391 Cep and lines’ equivalent width.
Date Hδ Hβ Mg I Fe I Fe II [O I] He I NaD [O I] O I Fe II Fe II Hα
yyyymmdd 4102 4861 5173 5270 5316 5577 5876 5890 6300 6431 6456 6516 6563
20010907 -1.2 -2.2 -9.4 -0.5 -1.4 -4.5 -0.8 -1.0 -1.1 -48.8
20030803 -7.3 -2.9 -2.6 -6.1 -1.3 -1.9 -3.3 -0.8 -0.9 -62.9
20030804 -6.8 -2.9 -2.6 -4.2 -1.6 -2.5 -3.5 -0.6 -1.1 -1.5 -60.0
20040819 -14.3 -14.3 -7.1 -4.9 -6.0 -9.8 -0.7 -1.5 -4.5 -63.4
20050812 -8.8 -16.6 -5.9 -3.8 -3.4 -4.6 -0.9 -1.4 -9.3 -88.0
20061004 -1.6 -3.0 -3.1 -1.2 -1.1 -1.3 -57.0
20100824 -8.6 -5.7 -3.0 -2.6 -3.1 -1.3 -1.8 -2.5 -0.7 -0.8 -1.1 -58.0
In Fig. 7 we show contour plot from a CCD
frame of V391 Cep and surrounding nebula. The
frame is taken on July 25, 2008 with the 1.3-m RC
telescope of Skinakas Observatory. The image was
taken in relatively good atmospheric seeing (around
1 arc seconds). The levels of contour plot are se-
lected arbitrarily. The bright nebula around the star
has not changed significantly during the period of
our observations.
Our spectral observations of V391 Cep re-
vealed an extensive emission spectrum without ab-
sorption lines (Table 1). The emission lines of hy-
drogen, iron, magnesium, sodium and forbidden lines
of oxygen dominate the spectrum of the star. The
most intensive is the Hα line of hydrogen, for which
in some spectra a weak absorption components from
P Cyg profile is noticeable. All emission lines show
a strong variability of intensity and of full width at
half-maximum.
Fig. 7. Contour plot from CCD frame of V391
Cep in R-band obtained with the 1.3-m RC telescope
in Skinakas Observatory on July 25, 2008.
Consequently, in the period 1987−1992 V391
Cep shows photometric characteristics of CTTS, but
after 1992 its photometric variability is inherent of
both WTTS and CTTS with a presence of hot and
cool spots on the stellar surface. Although all our
spectra were obtained in the period after 1992 clearly
every spectrum is eligible for CTTS. Our conclusion
is that V391 Cep is a classical T Tauri star that
undergoes periods of enhanced disk accretion alter-
nated with periods of low accretion rates.
3.2 V1 (2MASS J21401174+6630198, NGC
7129 S V1)
The star 2MASS J21401174+6630198 (here-
after V1) was discovered as an Hα emission source
in the study of Semkov & Tsvetkov (1986). The star
is located at ∼5.4 arc minutes from V391 Cep. Kun
et al. (2009) measured I = 14.34, R = 15.20, V =
16.18 and B = 17.37 magnitudes of V1. The authors
defined the spectral class of the star as K7 and deter-
mined its mass as 0.8 M⊙, its effective temperature
as 4060 K, and its age as 2.5 Myr. The spectrum of
V1 contains emission lines of Hα and HeI 6678 lines
and it is classified as a CTTS spectrum.
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Fig. 8. CCD UBV RI light curves of V1 for the period March 2000−November 2016.
Fig. 8 present UBV RI light curves of V1 from
all our CCD observations, obtained in the period
2000−2016 (Semkov 2003b and the present paper).
In the figure, circles denote CCD photometric data
published in the present study and triangles denote
photometric data from Semkov (2003b). The results
from our long-term multicolor CCD observations of
V1 will be accessible through the CDS database. The
average value of the errors in the measured magni-
tudes are 0.01-0.02 for the I- and R-band data, 0.01-
0.03 for the V -band data, 0.02-0.06 for the B-band
data, and 0.07-0.13 for the U -band data.
It is seen from Fig. 8 that V1 spends most of
the time at maximal light. During our photometric
monitoring several declines in brightness of the star
in all bands are registered. The periods of decline
in the brightness are relatively short and sometimes
we have only one photometric point in the minimum
light. The brightness of V1 during the period of our
observations varies in the range 14.04−14.88 mag
for the I-band, 14.89−16.01 mag for the R-band,
15.76−17.02 mag for the V -band, 16.79−18.46 mag
for the B-band and 17.16−18.39 mag for the U -band.
Evidences of periodicity in the brightness variability
of V1 are not detected.
The measured color indexes V − I, V −R and
B−V versus the stellar V magnitude during the pe-
riod of all our CCD observations are plotted in Fig.
9. From the figure it is seen that the star becomes
redder as it fades and real color reverse is observed
on the V/B − V diagram.
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Fig. 9. The V − I, V −R and B − V color indexes versus V magnitude for V1 in the period of all our
CCD observations.
The reasons of observed non-periodic drops in
the brightness can be different, short irregular obscu-
ration of the star by circumstellar dust or clouds, or
eclipse from multiple bodies rotating in orbits around
the star. In the case that the decreases in the bright-
ness are caused by obscuration by circumstellar ma-
terial, the observed amplitudes are too small to show
indication for strong blueing effect.
The both spectra of V1 can be classified as
CTTS spectra (Table 2). The Hα emission line and
the forbidden line of oxygen (OI λ5577) are the most
intensive, but lines of iron are also seen in emission.
The identified absorption lines are of the sodium dou-
blet and lithium (LiI λ6707). Unlike the other stars
from our study the spectra of V1 showed no signifi-
cant spectral variability.
Therefore, during the periods outside of the
deep minima V1 can be classified as CTTS with weak
activity. The observed drops in brightness probably
are caused by clouds of dust orbiting the star, but
their size and density are relatively small to cause a
classical UXor phenomenon.
Table 2. Spectral lines identified in the optical spectra of V1 and lines’ equivalent width.
Date Fe I [O I] NaD [O I] O I Hα Li I Fe I
YYYYMMDD 5461 5577 5890,96 6300 6431 6563 6707 6829
20010908 -2.5 -25.3 -3.4 -0.6 -20.7 0.5 -1.1
20030803 -1.4 -21.3 3.1 -1.5 -19.5 0.5 -1.6
3.3 V2 (2MASS J21402277+6636312, NGC
7129 S V2)
Variability of the star 2MASS J21402277+6636312
(hereafter V2) was registered by Semkov (2003b).
The star is located at ∼1.3 arc minutes from V391
Cep. The authors defined the spectral class of the
star as M0 and determined its mass as 0.6 M⊙, its
effective temperature as 3850 K, and its age as 3.0
Myr. The spectrum of V1 contains emission line of
Hα and it is classified as a CTTS spectrum.
In the Fig. 1 the existence of a small cometary
nebula around V2 can be seen. The UBV RI light
curves of the star from all our CCD observations
(Semkov 2003b and the present paper) are shown in
Fig. 10. The symbols used are as in Fig. 8. The re-
sults of our long-term multicolor CCD observations
of V2 will be accessible through the CDS database.
The average value of the errors in the measured mag-
nitudes are 0.01-0.03 for the I- and R-band data,
0.01-0.05 for the V -band data, 0.02-0.07 for the B-
band data, and 0.07-0.15 for the U -band data.
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Fig. 10. CCD UBV RI light curves of V2 for the period June 2000−November 2016.
From Fig. 10 it can be seen that during the
period of our observations V2 shows variability in all
bands. This variability includes short time rises and
decreases of the star’s brightness with small ampli-
tudes. The brightness of the star during the period
of our observations varies in the range 14.97−16.27
mag for the I-band, 15.98−17.41 mag for the R-
band, 17.04−18.42 mag for the V -band, 18.48−19.69
mag for the B-band and 18.98−19.94 mag for the U -
band. Because the limit of our photometric data we
have only nine photometric points in the U -band.
The measured color indexes V − I, V −R and
B − V versus stellar V magnitude for the period of
our CCD observations are plotted in Fig. 11.
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Fig. 11. The V − I, V −R and B − V color indexes versus V magnitude for V2 in the period of all our
CCD observations.
Table 3. Spectral lines identified in the optical spectra of V2 and lines’ equivalent width.
Date Fe I [O I] NaD [O I] Hα Fe I Fe II Fe II Fe I Fe I He I Fe II Si III
yyyymmdd 5461 5577 5890 6300 6563 6829 6862 6922 6948 7248 7281 7340 7369
20020815 -53.0 -6.4 -39.3 -5.9 -3.3 -1.6 -2.3
20141018 -12.5 -89.9 21.8 -18.6 -17.9 -8.7 -5.7 -2.8 -2.7 -15.8 -9.0 -9.8 -5.6
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The long-term light curves and color indexes
of V2 gives grounds to predict different reasons for
observed variability of the star − existence of hot and
cool spots on the stellar surface, and irregular obscu-
ration of the star by circumstellar material. The Fig.
11 shows evidences for color reversal, especially for
the V − R and B − V indexes. The color reversal
supports the assumption that at least one of the rea-
sons for the observed declines in the star’s brightness
is obscuration of the star by circumstellar material.
Our spectral observations of V2 revealed an
extensive emission spectrum, as only the sodium
doublet is observed in absorption (Table 3). The
emission lines of hydrogen, iron, helium and forbid-
den lines of oxygen dominate the spectrum of the
star. All emission lines show a strong variability of
intensity and of full width at half-maximum. There-
fore, the star has photometric and spectral charac-
teristics of CTTS.
3.4 V3 (2MASS J21403852+6635017, NGC
7129 S V3)
The star 2MASS J21403852+6635017 (here-
after V3) was reported as a variable star in Semkov
(2000). V3 is part from a visual double system and
it is located at ∼1.2 arc mininutes from V391 Cep.
Kun et al. (2009) measured I = 15.34, R =
16.45, V = 17.78 and B = 19.55 magnitudes for V3
and I = 16.77 mag for the second component. The
distance between the two components determined by
Kun et al. (2009) is 3.2 arc seconds. T he authors de-
fined the spectral class of V3 as K5 and determined
its mass as 1.15 M⊙, its effective temperature as 4350
K, and its age as 2.5 Myr. The spectrum of V3 show
strong Hα emission line and the star is classified as
a CTTS.
Fig. 12. CCD UBV RI light curves of V3 for the period February 1999−November 2016.
Fig. 12 present UBV RI light curves of V3
from all our CCD observations (Semkov (2003b)
and the present paper), obtained in the period
1999−2016. The symbols used are as in Fig. 8.
The results of our long-term multicolor CCD obser-
vations of the star V3 will be accessible through the
CDS database. The average value of the errors in the
measured magnitudes are 0.01-0.03 for the I- and R-
band data, 0.01-0.03 for the V -band data, 0.02-0.06
for the B-band data, and 0.07-0.13 for the U -band
data.
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The star shows a large amplitude photometric
variability in all bands. It can be seen from Fig. 12
that V3 usually spends most of the time at maximal
light. During our photometric monitoring deep de-
clines with different amplitudes in the star’s bright-
ness are registered. It is possible to suggest the exis-
tence of frequent deep fading events during periods
with insufficient data.
The brightness of V3 during the period of our
CCD observations 1999−2016 varies in the range
14.61−16.60 mag for the I-band, 15.81−17.87 mag
for the R-band, 16.88−19.20 mag for the V -band,
18.46−20.44 mag for the B-band and 18.90−20.13
mag for the U -band. Because the limit of our pho-
tometric data we have only six photometric points
in the U -band. In a very low light the brightness
of the star in B-band is under the photometric limit
of the 60-cm Cassegrain and the 50/70-cm Schmidt
telescopes. Evidences of periodicity in the brightness
variability of V3 are not detected.
The measured color indexes V − I, V −R and
B − V versus stellar V magnitude for the period of
all our CCD observations are plotted in Fig. 13. It
can be seen from the figure that real color reverse is
registered. The observed drops in brightness prob-
ably are caused by clouds of dust orbiting the star,
dense enough to cause UXor phenomenon.
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Fig. 13. The V − I, V −R and B − V color indexes versus V magnitude for V3 in the period of all our
CCD observations.
Table 4. Spectral lines identified in the optical spectra of V3 and lines’ equivalent width.
Date Fe I [O I] NaD [O I] Hα Fe I Fe II Fe I Fe I He I Fe II Si III
yyyymmdd 5461 5577 5890 6300 6563 6829 6862 6948 7248 7340 7369
20010907 -1.8 -32.5 -6.0 -11.1 -15.4 -2.9 -1.2
20141018 -10.6 -64.6 -13.2 -8.3 -27.7 -5.2 -4.1 -2.4 -8.7 -5.6 -6.0 -4.0
Our spectral observations of V3 revealed an
extensive emission spectrum without absorption lines
(Table 4). The emission lines of hydrogen, iron,
sodium and forbidden lines of oxygen dominate the
spectrum of the star. All emission lines show a
strong variability of intensity and of full width at
half-maximum. Therefore, the star shows spectral
characteristics of CTTS and photometric character-
istics of both CTTS and UXor.
3.5 V4 (2MASS J21403576+6635000)
The star 2MASS J21403576+6635000 (here-
after V4) is discovered as a variable during the
present study. The star is located at coordinates
RAJ2000 = 21
h 40m 35.77s and DecJ2000 = +66
◦ 35’
01”, ∼50 arc seconds from V391 Cep. V4 shows very
strong and fast photometric variability during short
time periods (several minutes or hours) with large
amplitude.
The photometric results from our long-term
CCD observations of V4 will be accessible through
the CDS database. The average value of the errors
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in the measured magnitudes are 0.01-0.02 for the I-
band data and 0.01-0.10 mag for the R-band data.
The RI light curves of V4 from our photometric ob-
servations are shown in Fig. 14.
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Fig. 14. CCD UBV RI light curves of V4 for the period February 1998−November 2016.
The brightness of V4 during the period of
our photometric observations 1998−2016 varies in
the range 16.14−18.79 mag for the I-band and
18.40−20.48 mag for the R-band. The observed am-
plitudes are ∆I = 2.65 mag and ∆R ∼ 2.08 mag in
the same period. Because of the limit of our photo-
metric data the deeper drops in the brightness of the
star in R-band and photometric data in V - and B-
bands are not registered. The photometric monitor-
ing for short periods shows strong variability within a
few hours (Fig. 15). Evidences of periodicity in the
brightness variability of V4 are not detected. The
star appeared to be too faint for spectral observa-
tions with the 1.3-m RC telescope.
It can be seen from Fig. 14 that during our
study the brightness of V4 vary around some inter-
mediate level. The presence of V4 in the field of
star formation and the irregular variability with large
amplitude suggesting for a PMS nature of the star.
Also, from Fig. 2 can be seen that V4 have strong
infrared excess − an indication for the presence of
a disk surrounding the star. We suggest that the
V4 is a TTS and the observed fast variability with
large amplitudes probably is caused from strong ir-
regular accretion rate from circumstellar disk onto
stellar surface.
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Fig. 15. CCD I light curve of V4 for June 30 and July 02, 2007.
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4. CONCLUSIONS
The photometric and spectral results pre-
sented in this study show that in the area around
V391 Cep is placed processes of intensive star for-
mation. All monitored objects showed very strong
photometric variability and emission spectra charac-
teristic of CTTS. V391 Cep, V2 and V3 form a small
group of PMS objects with masses close to the so-
lar mass and they probably were formed at about
the same time. The stars are relatively near each
other in the vicinity of the dark cloud of interstellar
gas and dust. The another star from our study V1
lies at a distance from the others PMS objects and
probably it was formed beyond this group.
Special attention in future studies must be
paid to the star V4. This PMS object belongs to the
group around V391 Cep and it shows variability in
brightness with extremely large amplitude. Future
spectral observations of V4 could confirm or reject
our suggestion about its PMS nature. Howsoever,
our multicolor photometric monitoring of the PMS
objects in this area shows the usefulness of long term
photometric studies of TTS.
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